SUMMARY Concentrations of the potential pollutants, lead and cadmium, were studied in the perinatal period in a British urban population. Blood lead and cadmium concentrations and iron status were measured in 28 mother and infant pairs at delivery and at five days postpartum in the mother; breast milk collected at five days postpartum under controlled conditions was analysed for lead and cadmium. Placental transfer of both metals was noted; concentrations of lead in breast milk (mean concentration 0.01 mmol/l (2 ,g/l)) were less than in two brands of commercial prepacked formulas, and the concentration of cadmium in breast milk and prepacked formulas (mean 3*6 nmol/l (0.4 ,ug/l)) were similar. 
Children in modern society are at risk from the hazards of chemical environmental contaminants.'
Developing and growing nervous systems are at special risk; behavioural and learning disorders have been attributed to various chemical intoxicants, particularly lead2; the effects on developing nervous and other systems in man of lead exposure in utero are incompletely understood. 3 Cadmium exposure in breeding rats may cause congenital abnormalities and fetal death4; in man a relation between cadmium, tobacco smoking, hypertension, and birthweight has been postulated. At the moment it is difficult to assess the association between exposure to levels of pollutant metals in the community and production of pathological disorders. Breast milk is often the only source of nutrition and may be an important source of continuing pollutant load in the perinatal period. 6 We undertook a controlled study of lead and cadmium content of blood at delivery and of breast milk as part of a wider programme investigating potential pollutant burden to young infants in the United Kingdom.
Material and method
The study was conducted during a three month period (September-November 1980) at a single central London maternity hospital. Informed ethical consent was obtained and a detailed environmental history recorded for each mother. All pregnancies were medically uncomplicated and went to term (birthweight mean 3470 g (range 2920-4220 g)).
Samples of venous blood were collected from 28 mothers (mean age 29-2 years (range 24-37) years) at delivery and at the time of breast milk sampling five days postpartum. Blood from the umbilical cord was taken at delivery. Blood was collected into lithium heparin, edetic acid, and plain polystyrene tubes. Breast milk was collected from the right breast only during a morning feed (10.00 am-2.00 pm). After five minutes of normal feeding 10 ml of milk were directly expressed into polystyrene containers. All The exposure of mothers and babies to airborne lead and cadmium was estimated by sampling particulate matter collected with membrane filters using equipment constructed to British Standard 1747; air samples were collected both outside the maternity hospital and inside the lying in wards.
Results
All but one of the mothers took iron supplements during pregnancy and 9 also took multivitamins. Six smoked more than 10 cigarettes a day throughout pregnancy and two until pregnancy was diagnosed. All 28 mothers lived in the London metropolitan area within two miles of a major highway and 18 within two miles of an industrial smoke stack. None of the occupations of the mothers or fathers put them at special risk of exposure to lead or cadmium. Table 1 gives the results of analyses of blood lead and cadmium concentrations and iron status. There was no significant difference between EPP and serum ferritin in mothers' blood at delivery and at five days postpartum; mean haemoglobin was, however, significantly decreased at five days (paired t test, two tailed) (P<0-001). In contrast EPP and ferritin in cord blood were significantly increased in relation to mothers' blood at delivery (P<0.001).
No significant difference for blood cadmium concentration between the three blood samples was found. When cadmium is compared on the basis of the mothers' smoking habits the mothers who smoked had a higher blood cadmium concentration only at five days (P<0.05). The blood cadmium concentration in this group increased from a mean of 8-9 nmol/l (1.0 ,g/l) at delivery to 14 nmol/l (1.6 ,ug/l) at five days postpartum; the non-smoking group did not show a corresponding change. In contrast to cadmium the lead concentration of the cord blood was significantly lower than that of mothers' blood at delivery (P<0.05). There was no significant difference between mothers' blood at delivery and at five days postpartum. Table 2 gives the results for lead and cadmium concentrations in breast milk. Nineteen samples were below the detection limit of the method for measuring lead concentration (<0-01 ,umoUl (<2 ,g!l)); the maximum lead concentration was 0-04 ,umol/l (9 Ag/l). Ten samples had cadmium concentrations below the detection limit (<2-7 nmol/l (<03 ,ug/l)); the maximum cadmium concentration observed was 10-7 nmol/l (1.2 ,Lg/l). Only five samples had concentrations of both metals above the median concentrations of <0-01 ,umolIl (2 ,ug/l) for lead and 2-7 nmoLl (0-3 ,tg/l) for cadmium. In contrast to brest milk 6 samples of two brands of commercial prepacked milk formula were found to Table 1 Analysis ofbloodfrom 28 mothers and umbilical cords for lead, cadmium, haemoglobin, erythrocyte protoporphyrin (EPP), andferritin concentrations (mean (SD) and range) at delivery and at 5 days Cadmium (n mo,1 (n = 18)t 4-7 2-4 2-7
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Mean and standard deviation for all samples with undetectable concentrations taken as one half of the detection limit-that is, 4-8 nmol lead/I and 1-3 nmol cadmium/I. Although lead in cord blood was significantly lower than in mothers' blood at delivery, the difference was small and indicates that the placenta offers no significant barrier to the transfer of lead.
This observation and the lack of difference between mothers' blood at delivery and five days postpartum suggests that blood lead concentrations are not subject to haemodilution during pregnancy and are available for transfer to breast milk. The lead concentrations found in breast milk were lower than in the two commercial prepacked formulas; in areas with increased concentrations of lead in water an additional burden may be provided with reconstituted formulas.t2
An average 3 kg baby requires 150 ml/kg bodyweight/day of milk; the potential burden from this source would be 10 nmol (1 8 ,ug) lead/day from prepacked formula but less than 4 nmol (09 ,ug)/day from breast milk. Corresponding loads for cadmium would be 1*2 nmol (0.14 ,ug)/day from both breast milk and formulas. The calculated daily intake of lead is well below suggested permissible limits for adults and older children.13 Newborn infants may, however, retain more lead than adults do.14
The increased EPP concentrations seen in the cord blood could conceivably be associated with lead exposure or iron dificiency. 15 All but one of the mothers participating in the study were taking iron supplements and none were deficient. The parallel increases in haemoglobin and serum ferritin concentrations in cord blood are thought to be due to a high red cell mass in the fetus. 1 An increased EPP concentration due to lead exposure in children develops only above blood lead concentrations of 1 ,umol/I (20 ,ug/100 ml).17 As our maternal and cord blood concentrations averaged less than 0*5 ,umoUl (10 ,ug/100 ml) the observed cord blood EPP concentration is unlikely to have been due to lead toxicity in utero. In the neonatal period one third of the total EPP concentration is in the free rather than the zinc chelated form characteristic of older children and adults. The free form is not detected after 7-10 days and has been attributed to immature erythrocytes in cord blood.18 Our analytic method does not distinguish between these two forms, and therefore the zinc protoporphyrin content of cord blood is close to that in the mother.
Increased concentrations of cadmium in the placenta have been reported, suggesting that the placenta acts as a barrier to transfer.10 Our data fail to confirm this because there was no significant difference between concentration in mothers' blood and cord blood at delivery. The increase in blood cadmium concentrations observed in mothers between delivery and five days postpartum was significant only for the smokers. 19 This change in concentration is unlikely to reflect a major increase in cigarette consumption; the findings most likely indicate a re-equilibration of mothers' blood cadmium concentration with cadmium stores after birth. The 
